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Was there a contagion between major European and Croatian stock
markets? An analysis of co-exceedances
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Maribor, Razlagova 14, 2000 Maribor, Slovenia
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This article examines extreme returns co-movement and contagion between the
Croatian and 10 European stock markets during major financial market distress
periods in the period from end of 2003 until start of 2012. The extreme return
co-movement analysis is based on analysis of coincidences of extreme return shocks
(co-exceedances; extreme returns are defined as lower 5% daily returns in the
empirical return distributions) across investigated countries. I found that the first
instances of co-exceedances between the Croatian and the observed European stock
markets occurred in the 2007, during the subprime mortgage crisis as the predecessor
of the global financial crisis. With the start of the global financial crisis, the count of
co-exceedances across all observed pairs of stock markets markedly increased. In
order to separate contagion from interdependence, I further applied a multinomial
logistic function, that enabled me to control for common world and regional factors
that affected all investigated stock markets simultaneously. In controlling for these
factors I found that the increase in the count of negative return co-exceedances
between the Croatian and major European stock markets during the global financial
crisis and the eurozone debt crisis cannot be attributed to contagion.
Keywords: stock markets; Croatia; co-exceedance; contagion; financial crisis
JEL classification: F21, F36, G15, H63
1. Introduction
In recent years, world and Croatian stock markets have witnessed several episodes of
severe distress, with the two most recent including the global financial crisis and the
sovereign debt crisis. These shocks spread quickly across financial markets, countries
and spread also to the real economy thus causing severe costs not only to financial mar-
ket participants but wider. Whether a propagation of shocks across markets is a result of
interdependence between markets (i.e. tight economic and financial linkages that exist
between countries during all states of the world, for example during crisis and non-crisis
periods) or a result of contagion (in this case shocks are propagated through channels
that appear only during turbulent periods1) is a matter of scientific evaluation. The
results of this evaluation are important from the economic policy perspective as the later
While there are a range of statistical procedures to test for contagion in financial
market (the most common are the adjusted correlation test of Forbes and Rigobon
(2002), the co-exceedance test of Bae, Karolyi, & Stulz (2003), the outlier test of
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Favero and Giavazzi (2002), and the threshold test of Pesaran and Pick (2003)), the
method that is very suitable to study contagion in stock markets during extreme market
events is the method of Bae et al. (2003).
The method of Bae et al. (2003) incorporates the extreme value concept of
exceedance returns and measures contagion based on joint occurrences of extreme stock
market return (i.e. co-exceedance). The method applies a multinomial logistic analysis
that allows us to condition on attributes and characteristics of the exceedance events
using control variables (or covariates) measured with information available up to the
previous day. Following Bae et al. (2003), the strength of contagion between stock
markets is then measured as the fraction of co-exceedance of extreme negative returns
that are not explained by the covariates included in the model.
There are several papers investigating shock transmission between the Croatian and
developed stock markets, including Sajter and Ćorić (2009), Kunovac (2011), and
Dajčman (2013b), yet none of them applies a formal test of contagion discussed above.
This article examines the strength of contagion between Croatian and stock market of
10 other European stock markets (namely of Austria, England, France, Germany,
Greece, Hungary, Ireland, Italy, Russia and Spain) in a pair-wise manner, i.e. between
two stock markets at a time. As I am interested in contagion during the turbulent times
only (that occurred in the period from December 3, 2003 to January 27, 2012), I exam-
ine co-exceedance of large negative returns only. To separate contagion from interdepen-
dence, I follow the studies of Dungey et al. (2005, 2007) and include in my
multinomial logistic model more covariates than Bae et al. (2003) did. More particu-
larly, I include the US stock market returns (proxied by the Dow Jones Industrial [DJI]
returns), the conditional volatility of the average eurozone stock market returns (proxied
by the EUROSTOXX50 returns) modelled as EGARCH(1,1); eurozone money market
interest rate level (three-month EURIBOR); US Treasury note yield changes; and returns
on the Euro-Croatian kuna (EUR-HRK) and the US dollar-Croatian kuna (USD-HRK)
exchange rates. Additionally, this article examines also whether the most recent episodes
of financial market distress significantly impacted the probability of contagion between
the Croatian and selected stock markets of eurozone.
2. Methodology
Exceedance return in this article is defined as a negative return on a day t that is below
the 5th quantile of the empirical marginal distribution of returns of a particular stock
market. Exceedances in terms of extreme negative stock market returns in a particular
country and pair-wise joint occurrence of extreme negative stock market returns can be
modelled as a polytomous variable (Dajčman, 2013a). The dependent polytomous vari-
able at time t (yt; t = 1,…,T) can take one of three categories ( j = 1,2,3): no exceedance
in any of the pair-wise countries ( j = 1); exceedance observed in one of the countries in
the pair ( j = 2); and co-exceedance ( j = 3). This third category represents a simulta-
neous exceedance in both the countries, representing contagion. Probabilities associated
with the events captured in the polytomous variables can then be estimated using a mul-
tinomial logistic model. An advantage of multinomial logistic analysis is that we can
condition on attributes and characteristics of the exceedance events using control vari-
ables (explanatory variables or covariates) that are measured using information available
up to the previous day (Bae et al., 2003). The multinomial logit model assumes that the
probability of observing category i (of the three possible categories) is given by
Equation (1) (Greene, 2003).
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where x is a T  n matrix of covariates (with n being the number of different covari-
ates) and β the vector of coefficients (including a constant) of a particular category asso-
ciated with the covariates.2 In this article I chose to include the following covariates:
US stock market returns proxied by returns on the DJI index; the conditional volatility
of the average eurozone stock market returns, proxied by the EUROSTOXX50 returns,
modelled as EGARCH(1,1); the eurozone money market interest rate level (three-month
EURIBOR); 10-year US Treasury note yield level; and returns on the EUR-HRK and
USD-HRK exchange rates. In order to provide the answer whether the probability of
contagion increases in a crisis (as compared to a non-crisis) period, I also included two
instrumental (dummy) variables.3 The first instrumental variable takes value 1 for the
crisis period from September 16, 20084 to 22, 2010 and 0 otherwise, while the second
takes value 1 for the period from April 23, 2010 to January 27, 20125 and 0 otherwise.
Coefficients β are specific to each category, so that there are j n coefficients to be
estimated. The coefficients are not all identified unless I impose normalisation (see
Greene, 2003). I achieve normalisation by setting the value of the coefficient for the first
category ( j = 1) to zero. All regression coefficients of Equation (1) are thus calculated
with respect to the first category (i.e. category 1) as a base category (see also Dajčman,
2013), and the relative probabilities of outcome j ( j=1) to the base category equals:






The model is estimated using maximum likelihood with the log-likelihood function for







where dtj is a dummy variable that takes a value one if observation t takes the jth
category and zero otherwise. Because Ptj is a nonlinear function of the βs, an iterative
Newton-Rahpson’s estimation procedure is applied. Goodness-of-fit is measured using
the pseudo-R2 of McFadden (1974) where both unrestricted (full model) likelihood,
Lω, and restricted (constants only) likelihood, LΩ, functions are compared




Once the estimates of the regression coefficients are obtained the probabilities of each







where x* is the vector of the unconditional mean values of the covariates. Because the
coefficients in a multinomial logit model are difficult to interpret, following Greene
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(2003) and Bae et al. (2003), the marginal changes in probability for a given unit
change in the independent covariate (i.e. marginal effects) are calculated and tested
whether they are significantly different from zero. The marginal effects (δj) are given by












Econometric models were estimated by Stata software.
3. Data and empirical results
Co-exceedances in the returns of six eurozone countries, listed in Table 1, are analysed
for the period from December 3, 2003 to January 27, 2012. The returns were calculated
as the differences in the logarithms of the daily closing prices. The stock indices
included are: the CROBEX (for Croatia), Athens Composite Index (ACI, for Greece),
ATX (for Austria), BUX (for Hungary), CAC40 (for France), DAX (for Germany),
FTSE100 (for the UK), FTSEMIB (for Italy), IBEX35 (for Spain), ISEQ (for Ireland),
and RTS (for Russia). Days with no trading in any of the observed market were left
out. Returns (and all other variables, i.e. covariates) were calculated as two-day rolling-
average logarithmic returns (or changes) in order to control for the fact of the different
open hours of the markets on which the variables in the model are formed.6 The data
source for stock indices is Yahoo! Finance.7 Table 1 presents the main descriptive statis-
tics of the untransformed data.
The Jarque-Bera test rejects the hypothesis of normally distributed time series. I also
performed unit root tests and proved that the return series cannot be characterised as
unit root processes.8
In this article I define an extreme negative return or exceedance as the one that lies
below the 5th quantile of the marginal empirical distribution of returns of an index ser-
ies. In Table 2 the count numbers of exceedances and joint occurrences of extreme
returns (co-exceedances) are reported. Notably, the greatest count of exceedances is for






CROBEX −0.1459 0.1478 0.000196 0.01505 −0.3571 18.5568 1,939.18***
ACI −0.1192 0.1113 −0.000555 0.01823 −0.0737 7.5269 1,640.34***
ATX −0.1637 0.1304 0.000179 0.01868 −0.2891 11.4275 5,705.57***
BUX −0.1265 0.2202 0.000382 0.01883 0.5059 16.0887 1,377.98***
CAC40 −0.0947 0.1059 −0.000026 0.01577 0.1642 10.4452 4,440.75***
DAX −0.0743 0.108 0.000278 0.0153 0.1162 9.4645 3,345.76***
FTSE100 −0.09265 0.1079 0.000137 0.01349 0.1914 12.3669 7,027.12***
FTSEMIB −0.0997 0.1087 −0.000284 0.01618 −0.1569 9.6681 3,563.07***
IBEX35 −0.1160 0.1348 −0.000084 0.01601 0.0099 12.0721 6,580.83***
ISEQ −0.1396 0.09733 −0.000241 0.01726 −0.5573 9.8403 3,840.51***
RTS −0.212 0.3227 0.000564 0.02505 0.4310 25.9852 4,230.28***
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the pair of stock markets Croatia–Hungary (138) and the greatest number of counts of
co-exceedances for the stock markets Croatia–Germany.
Next, the Figure 1 presents the time series of (co-)exceedances for particular pair-
wise observed stock markets. As evidenced, in the period from the December 2003 until
the start of 2007, there were no co-exceedances and also the frequency of exceedances
was relatively low when compared to the later time periods. The first instances of
co-exceedances between the Croatian and other observed European stock markets
occurred in the 2007, with the subprime mortgage crisis as the predecessor of the global
financial crisis. After the second half of 2008, with the start of the global financial
crisis, the count of (co-)exceedances across all observed pairs of stock markets markedly
increased.
Judging just from Figure 1 and not controlling for the effects of the control vari-
ables, contagion between the pair-wise observed stock markets would be identified when
the counts of outcome 3 increased compared to non-crisis periods. This would clearly
be during the global financial crisis and in the second half of the 2011, when the euroz-
one debt crisis spread to Spain and Italy. However, as argued in Section 2 of this article,
to separate contagion from interdependence, we must control for the effects of the com-
mon world and regional factors. In this article this is achieved by estimating multino-
mial logistic model (1). Results of the model are reported in Tables 3a and 3b.
The results of the multinomial logit model (1) show that the DJI returns and condi-
tional volatility of the EUROSTOXX50 returns are significantly different from zero for
all pair-wise observed stock markets and thus have the greatest power in explaining the
log odds of (co-)exceedances in the stock markets. From the data in Table 3 follows that
for the stock indices CROBEX-ACI, a 1 unit (i.e. 1%) increase in the DJI returns is




Time series of (co-)exceedances - CROBEX and ACI




Time series of (co-)exceedances - CROBEX and ATX




Time series of (co-)exceedances - CROBEX and BUX




Time series of (co-)exceedances - CROBEX and CAC40




Time series of (co-)exceedances - CROBEX and DAX




Time series of (co-)exceedances - CROBEX and FTSE100
Figure 1. Time series of (co-)exceedances between Croatian and observed European stock
markets.
Notes: Time series of (co-)exceedances of pair-wise observed stock markets. On the y-axis the
possible outcomes of the dependent polytomous variable are given: (1) presents occurrence of
category 1 (i.e. no exceedance in any of the pair-wise observed stock market); (2) occurrence
of category 2 (i.e. exceedance in one of the pair-wise observed stock market); and (3) occurrence of
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































associated with a 0.839 drop in the relative log odds of outcome 2 (i.e. exceedance in
one of the stock markets) versus outcome 1 (i.e. no co-exceedance in any of the two
observed stock markets), and even a larger drop of relative log odds (of 1.63) of out-
come 3 (i.e. co-exceedance or contagion) versus the outcome 1. A one unit increase in
the conditional volatility of EUROSTOXX50 returns is associated with a 0.32 increase
in relative log odds of outcome 2 and a 0.46 increase of log odds of outcome 3 versus
the outcome 1. The same signs and a similar magnitude of impact on the log odds of
probabilities of outcomes can be observed also for other stock indices pairs.
For some stock market pairs also the 10-year US Treasury note yield level, the
USD-HRK exchange rate returns and the three-month EURIBOR level significantly
impact the log odds of (co-)exceedances. I thus found that the 1 unit increase (1%)
increase in the 10-year US Treasury note yields is associated with a significant (at 5%
level) drop of log odds of outcome 2 (versus outcome 1) for the stock markets indices
CROBEX-ATX, and CROBEX-DAX, CROBEX-FTSEMIB, and CROBEX-ISEQ. A 1
unit increase in the 10-year US Treasury note yields level is associated with a drop in
the log odds of outcome 3 (versus outcome 1) for the stock indices of CROBEX-ATX,
CROBEX-CAC40, CROBEX-DAX, CROBEX-FTSE100, and CROBEX-RTS. The
increases in the three-month EURIBOR level are associated with an increase in the log
odds of exceedance (against no (co-)exceedance) for the stock market indices pairs
CROBEX-ATX, CROBEX-FTSE100, and CROBEX-ISEQ. The log odds of contagion
(i.e. co-exceedance) against no exceedance or co-exceedance are significantly increased
when the three-month EURIBOR level increases for the stock indices pairs CROBEX-
BUX, CROBEX-FTSE100, CROBEX-ISEQ, and CROBEX-RTS.
While the EUR-HRK has no impact on the (co-)exceedances in the stock markets,
the increase of the USD-HRK exchange rate (i.e. depreciation of the HRK against the
USD) is associated with an increase in the log odds of (co-)exceedances for stock indi-
ces CROBEX-ACI, CROBEX-FTSEMIB, CROBEX-IBEX35, CROBEX-ISEQ, and
CROBEX-RTS. Time dummy variables, included in the model (1) in order to analyse
the whether the global financial crisis and the eurozone debt crisis have significantly
increased the log odds of (co-)exceedances in the pair-wise observed stock markets, are
significantly different from zero only for some of pair-wise observed stock indices.
Notably the log odds of exceedance in one of the stock indices CROBEX-ACI (against
occurrence of no exceedance in any of the stock indices) has increased in the period of
the global financial crisis, but not during the eurozone debt crisis. The log odds of
exceedance in one of the stock indices CROBEX-RTS reduced during the eurozone debt
crisis period.
As a meaningful economic interpretation of the multinomial logit model coefficients
is not always easy I follow Greene (2003) and also calculate marginal effects. The mar-
ginal effects and probabilities of outcomes are reported in Tables 4a and 4b.
Evidently, probability of no (co-)exceedance in stock markets is higher than proba-
bility of exceedance (outcome 2) or co-exceedance (outcome 3) (see Probabilities 1 in
Tables 4a and 4b). The probabilities of observing exceedance range between 0.0574
(for CROBEX-DAX) and 0.0719 (for CROBEX-DAX), while the probabilities of co-
exceedance (or contagion) range between 0.0141 (for CROBEX-BUX) and 0.0214 (for
CROBEX-DAX). These probabilities are calculated without controlling for covariates,
though.10As noted, to separate contagion from interdependence, it is important to con-
trol for common world and regional factors that impact all countries simultaneously.
This reduces the probabilities of observing outcomes 2 and 3 (see Probabilities 2 in
Tables 4a and 4b). The probabilities of outcome 2 now range between 0.0345 (for
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CROBEX-DAX) and 0.0496 (for CROBEX-BUX), and probabilities of outcome 3
between 0.0010 (for CROBEX-FTSE100, and CROBEX-ISEQ) and 0.0028 (for
CROBEX-RTS). The probabilities for observing the ‘true’ contagion are thus the
greatest for stock indices CROBEX-RTS.
Turning now to marginal effects of specific covariates, I find that the signs of the
covariates stay the same as in Table 3. Also, the same covariates remain significant: DJI
returns, EUROSTOXX50 conditional volatility, 10-year US Treasury note yield level,
the USD-HRK exchange rate returns and the three-month EURIBOR level. Positive
(negative) DJI returns reduce (increase) the probability of extreme negative returns in

















141.4855*** 160.9354*** 212.9184*** 125.4309*** 108.2002***
EURIBOR (level) 0.0037 0.0045 −0.0033 0.0061 0.0039
USA 10y T.N. yields
level
−0.0110 −0.0109 −0.0027 −0.0102 −0.0186**
EUR-HRK returns −5.9875 −1.2867 −3.8681 0.2248 1.3684
USD-HRK returns 1.5439* 0.9155 1.5780 0.8219 0.7965
Crisis period 1 0.0467 0.0034 0.0108 0.0120 −0.0003
Crisis period 2 0.0154 −0.0193 −0.0342** 0.0167 −0.0192
Outcome 3




8.5813** 9.4039** 7.8566* 6.0320* 9.7635**
EURIBOR (level) 0.0008 0.0010* 0.0009* 0.0004 0.0005
USA 10y T.N. yields
level
−0.0018* −0.0016* −0.0007 −0.0012** −0.0022**
EUR-HRK returns 0.0519 −0.0834 0.1955 −0.1158 −0.4318
USD-HRK returns 0.1482 0.0747 −0.0025 0.0554 0.1088
Crisis period 1 0.0005 0.0024 0.0025 0.0004 −0.0002
Crisis period 2 −0.0016 −0.0005 0.0011 −0.0010 −0.0025*
Probabilities 1
Outcome 1 0.9166 0.9176 0.9140 0.9187 0.9213
Outcome 2 0.0667 0.0647 0.0719 0.0626 0.0574
Outcome 3 0.0167 0.0177 0.0141 0.0188 0.0214
Probabilities 2
Outcome 1 0.9516 0.9583 0.9489 0.9614 0.9637
Outcome 2 0.0465 0.0396 0.0496 0.0374 0.0345
Outcome 3 0.0020 0.0021 0.0015 0.0012 0.0018
Notes: Probabilities 1 are probabilities of outcomes when we do not control for covariates. Probabilities 2 are
probabilities of outcomes after controlling for the covariates and are calculated by Equation (5). All estimated
parameters and probabilities are rounded to the fourth decimal. ****/**/*denote the 1%, 5%, 10% significance
of the rejection of the null hypothesis that the marginal effect of the covariate is equal to 0 based on z-statis-
tics. The reported marginal effects of the time dummy covariates (Crisis period 1, Crisis period 2) show by
how much the probability of observing outcome 2 (outcome 3) increases when the value of the time dummy
variable changes from 0 to 1.
Source: Author calculation.
164 S. Dajčman
investigated eurozone stock markets and increased conditional volatility of EUROS-
TOXX50 returns increases the probability of extreme negative returns in the observed
stock markets. Increases in 10-year US Treasury note yield level are associated with
lower probability of extreme negative returns in the observed stock markets, while
depreciation of HRK against USD and a higher level of three-month EURIBOR with a
higher probability of extreme negative returns in stock markets.
The responsiveness of the co-exceedance variable to shocks in the US stock markets
is significant for all multinomial logit models of pair-wise observed stock markets. It is
interesting to note, that the one unit decrease in US returns increases more the probabil-
ity of exceedance than the probability co-exceedance thus indicating that some of the
pair-wise observed stock markets react more intensely to the shocks in the US stock
market than the other pairs of stock markets do. For the CROBEX-ACI indices the esti-
mated marginal coefficient for the US returns shows that a 1% fall in DJI index
increases the probability of exceedance in ACI or ISEQ returns by 3.65%, while the

















104.8460*** 109.4566*** 107.4701*** 112.8511*** 173.6057***
EURIBOR (level) 0.01123** 0.0057 0.0078* 0.0148*** 0.0060
USA 10y T.N. yields
level
−0.0046 −0.0156** −0.0148* −0.0170** −0.0178*
EUR-HRK returns −1.5515 3.5374 1.2496 0.2617 −0.5003
USD-HRK returns 0.3240 1.0230 2.0483*** 1.5380** 1.6877**
Crisis period 1 0.0362 0.0165 0.0247 0.0259 −0.0074
Crisis period 2 0.0162 0.0224 0.0189 −0.0078 0.0446***
Outcome 3




4.9172* 6.3073* 7.3494** 3.2287 9.1730**
EURIBOR (level) 0.0008* 0.0004 0.0001 0.0008* 0.0014**
USA 10y T.N. yields
level
−0.0013** −0.0011 −0.0011 −0.0009* −0.0030**
EUR-HRK returns −0.0728 −0.2048 −0.0567 −0.0393 0.0614
USD-HRK returns 0.0633 0.1157 0.0947 0.0165 0.1904*
Crisis period 1 0.0002 0.0046 −0.0004 0.0023 0.0047
Crisis period 2 −0.0010 −0.0006 −0.0022* −0.0009 −0.0009
Probabilities 1
Outcome 1 0.9208 0.9187 0.9161 0.9155 0.9161
Outcome 2 0.0584 0.0626 0.0678 0.0688 0.0678
Outcome 3 0.0209 0.0188 0.0161 0.0156 0.0162
Probabilities 2
Outcome 1 0.9618 0.9608 0.9572 0.9568 0.9513
Outcome 2 0.0372 0.0375 0.0413 0.0422 0.0459
Outcome 3 0.0010 0.0017 0.0015 0.0010 0.0028
Note: See notes for Table 4a.
Source: Author calculation.
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probability of co-exceedance is increased by only 0.31%. It is also interesting to note
that an increase in the EUROSTOXX50 conditional volatility increases more the proba-
bility of exceedance than the probability of co-exceedance.
To answer whether the global financial crisis and the eurozone debt crisis signifi-
cantly influenced the probability of contagion in the markets, one needs to examine the
time dummy variables. As evident from Tables 4a and 4b, the marginal effects of time
dummies are significantly different from zero only for indices pairs CROBEX-ACI and
CROBEX-RTS. The probability of exceedance in one of the stock indices in the pair
CROBEX-ACI (against occurrence of no exceedance in any of the stock indices returns)
has increased in the period of the global financial crisis. The probability of exceedance
in one of the stock indices CROBEX-RTS reduced during the eurozone debt crisis
period.
The findings of the article have implications for the investors in the Croatian stock
market as well as for economic policy, especially monetary policy. It has been recogni-
sed in the mainstream financial economics (dating back to Markowitz 1958 and Grubel
1968) that increased co-movement observed during financial market contagion reduces
benefits of international financial portfolio diversification. The finding that contagion
from developed to Croatian stock market occurs during international financial market
turbulence contagion analysis is also important for financial market supervisory authori-
ties because of their implications for the stability of financial markets policy (Clare and
Lekkos, 2000; Berben and Jansen, 2005; Dajčman 2013). The threat of contagion calls
for a swift policy reaction in order to reassure financial market participants and prevent
shock-spillovers between financial market segments and to nonfinancial segments of the
economy. The negative consequences of the global financial crisis have stressed the
importance of the financial market surveillance, identification of systematic financial
market shocks and contagion. The methodology applied in this article enabled me to
separate increased interdependence from contagion. I have shown that increased proba-
bility of exceedances of the Croatian and developed European stock markets during the
recent global financial crisis and eurozone debt crisis were not a result of contagion
from the later to the Croatian stock market.
4. Conclusion
In this article I examined pair-wise contagion between the Croatian and 10 European
stock markets during the period from December 3, 2003 to January 27, 2012. Contagion
was defined as an occurrence of large negative returns (i.e. co-exceedances) jointly in
two stock markets and a multinomial logit was applied to control for common world
and regional factors that affected all stock markets simultaneously.
I found that the DJI returns, EUROSTOXX50 conditional volatility, 10-year US
Treasury note yields level, the USD-HRK exchange rate returns and the three-month
EURIBOR level impacted significantly impacted the probability of (co-)exceedance in
the pair-wise observed stock markets. Positive DJI returns reduced the probability of
extreme negative returns in investigated eurozone stock markets and increased condi-
tional volatility of EUROSTOXX50 returns increases the probability of extreme nega-
tive returns in the observed stock markets. Increases in 10-year US Treasury note yield
level were found to be associated with lower probability of extreme negative returns in
the observed stock markets, while depreciation of HRK against USD and a higher level
of three-month EURIBOR with a higher probability of extreme negative returns in stock
markets.
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The applied econometric technique enabled us to separate contagion from interde-
pendence. I found that the probability of contagion between the Croatian and observed
European stock markets did not significantly increase during the global financial crisis
and the eurozone debt crisis.
Notes
1. There is no common definition of contagion. For a review of definitions see for example,
Forbes and Rigobon, 2001; Dornbusch et al., 2001; Corsetti et al., 2001; Pericoli and
Sbracia, 2003; Baur and Lucey, 2009.
2. To separate contagion from interdependence, it is important to identify world and regional
factors that impact all countries simultaneously (Dungey et al., 2005).
3. As argued by Dungey et al. (2007) the stock markets should not be studied in isolation,
because there are interaction effects across different asset classes. The DJI returns, US Trea-
sury note yields and the USD-HRK exchange rate (log) returns are included as a proxy for
global macroeconomic developments and the associated inflation, liquidity, and credit risks
(see e.g. Forbes and Rigobon, 2002; Dungey et al., 2005; Metiu, 2011). The eurozone
money market rate, the conditional volatility of the average eurozone stock market returns
and the HRK-EUR returns are included as region-specific factors that capture regional finan-
cial market conditions. In their study, Bae et al. (2003) included only conditional volatility
of the stock market, exchange rate returns, and the interest rate level.
4. On September 16, 2008 the investment bank Lehman Brothers collapsed and started the
global financial crisis.
5. On April 23, the Greek government requested a bailout from the EU/IMF. I take this date as
the start of the sovereign debt crisis in the eurozone.
6. The same approach is used by Forbes and Rigobon (2002).
7. The data series for the CROBEX were obtained from the web page of the Zagreb Stock
Exchange, for the EUR-HRK, and USD-HRK exchange rates from the web page of central
bank of Croatia (Hrvatska narodna banka), and for the three-month EURIBOR the web page
of Deutsche Bundesbank. The data series of EUROSTOXX50 and the 10-year US Treasury
note yields are from Yahoo! Finance.
8. The results are not presented here, but can be obtained from the author.
9. 0.01*(-82.76)=-0.83, as in the data a 1% is expressed as 0.01.
10. If outcomes were independent, then the probabilities of co-exceedances between all pair-wise
observed stock indices would be 0.052 = 0.0025.
11. On September 16, 2008, the investment bank Lehman Brothers collapsed and started the
global financial crisis.
12. On April 23, the Greek government requested a bailout from the EU/IMF. I take this date as
the start of the sovereign debt crisis in Eurozone.
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